Q

What do you think the most significant developments have been since the discovery of the association between H. pylori and peptic ulcers 30 years ago?
Kwong Ming Fock. The recognition of H. pylori infection as the cause of gastric malignancies, in particular noncardia gastric adenocarcinoma and mucosalassociated lymphoid tissue lymphoma. 1, 2 An analysis of 12 prospective case-control studies concluded that the estimated relative risk of noncardia cancer associated with H. pylori infection was 5.9. 3 On the basis of an average prevalence of H. pylori of 35% in developed countries and 85% in developing countries, it was estimated that ~65-80% of noncardia gastric cancers were attributable to H. pylori infection and potentially preventable. 3 The Asia-Pacific Gastric Cancer Consensus reviewed published data and performed a meta-analysis, which concluded that the pooled relative risk of developing gastric cancer after H. pylori eradication was 0.56 (95% CI 0.4-0.8). 4 The Consensus recommended that populations in the Asia-Pacific region at high risk of gastric cancer (such as China, Japan and Korea) undergo population screening and treatment of H. pylori infection. The cut-off age for screening for H. pylori infection was recommended at 10-20 years before the initial incidence of gastric cancer began to rise rapidly in the local population. 4 It must be recognized that prior to eradication, irreversible precancerous lesions might have already arisen and, in such cases, apart from H. pylori eradication, a strategy of continued surveillance is required. A paper from Taiwan in 2012 evaluated the benefit of mass eradication of H. pylori infection in reducing premalignant gastric lesions. 5 This approach led to a marked reduction in the incidence of gastric atrophy resulting from chemoprevention (77.2%; 95% CI 72.3-81.2%), whereas the reduction in intestinal metaplasia was not statistically significant. Mass eradicaton had an effectiveness of 25% during the chemoprevention period in reducing gastric cancer incidence when compared with the 5-year period before chemoprevention and in the absence of endoscopic screening. 5 David Y. Graham. The culture of H. pylori and the proof it was the primary cause of gastritis closed the loop on almost a century of research regarding gastritis and its associated diseases: gastric atrophy, peptic ulcer disease (PUD) and gastric cancer. 6 Originally, the significance of the discovery was underestimated in part because the rich heritage of scholarship and research related to the associations between gastritis, acid secretion, gastric atrophy and gastric cancer remained largely invisible to the cadre of scientists who studied H. pylori. Manfred Comfort, who in 1951 summarized 50 years of research related to gastritis, acid secretion and gastric cancer, would likely have been amazed, or more accurately, appalled, to learn that the association of H. pylori with gastric cancer was considered to be important enough for publication in the New England Journal of Medicine as a new observation, rather than as a confir mation that elimination of gastric cancer was finally within our grasp. 7 Even that observation might have been made years before if Grant Stemmermann had not repeatedly declined our invitation to test his serum samples because he believed that the association was unlikely. Conquering gastric cancer was further delayed because epidemi ologists studying H. pylori remained blissfully unaware of the tremendous body of carefully done experiments linking gast ritis and gastric cancer, and instead relied on the results of their serological assays to accurately assess risk. This belief resulted in greatly underestimating the attributable risk of H. pylori in gastric cancer; a belief that was only corrected in the past 10 years by the addition of CagA serology rather than discovery of the large body of prior knowledge based on histology. 6 In 1938, Konjetzny wrote, "When we were able to prevent gastritis or treat it, we would be able to prevent ulcer and gastric cancer. Prophylaxis of gastritis means prophylaxis against ulcer and gastric cancer". 6 We again learn that what appears new to us, was often well understood by others.
In hindsight, the first 30 years of H. pylori have not been the glorious undertaking that could or should have rapidly confirmed and expanded the rich base of research done, previously resulting in a worldwide campaign to eradicate the infection and gastric cancer. Each step forward has been slow and hotly contested. 8 For example, H. pylori is probably the only important infectious disease in which when antibiotic resistance began to compromise treatment success, opinion leaders and 'consensus conferences' continued to recommend the increasingly ineffective regimens. 9 Thus, whilst patients suffered unacceptably low treatment success, pharmaceutical profits and support for meeting and speakers programmes continued. In the future, I expect that social scientists will examine why the paradigm shift has taken so long and explore the role of vested interests, 'big PHARMA' , the re lation to changes in thinking and expiration of patents, and what must be called our collective poor scholarship that resulted in such an important disease to remain un conquered even after 30 years.
VIEWPOINT
The significant developments in the past 30 years include: culture of H. pylori, development of noninvasive tests to identify active infection, development of effective antimicrobial therapies, confirmation of the role of H. pylori in gastritis-associated PUD and gastric cancer and proof that eradication of H. pylori would eliminate those diseases. In the USA, senator Edward Kennedy's personal involvement in pushing the FDA and the NIH to become involved in the H. pylori question is probably the most important and generally unrecognized aspect of this story. Finally, the most important recent event occurred in Spring 2013 in Japan where the presence of H. pylori infection is now accepted as an indication for treatment and country-wide eradication can begin. This eradication programme, the first anywhere, will ultimately also lead to the elimination of gastric cancer. I anticipate that other countries will ask that if Japan can rid itself of gastric cancer, why can't we?
Peter Malfer theiner. The discovery of Campylobacter pyloridis (renamed Helicobacter pylori in 1989 because of specific taxonomic characteristics) was the result of an attent and meticulous observation combined with the appropriate conclusion that this bacterial infection causes chronic active gastritis with the suggestion that it might be involved with PUD and gastric cancer. 10, 11 The discovery of H. pylori broke the dogma of the stomach as a sterile organ and was the starting point for re-examining gastric physiology and gastroduodenal pathologies. From the initial observations it required complex research efforts including basic and clinical research to demonstrate the role of H. pylori as a key trigger in PUD and the translation of this finding into clinical practice (reviewed elsewhere 12 ). It has taken a long time for H. pylori to overcome many objections and become recognized as the principal causal factor in PUD, but more than 20 years later in 2005, the Nobel Prize was awarded to Dr Robin Warren and Dr Barry Marshall s pecifically for this discovery.
Bacterial virulence and host genetic factors as well as environmental con ditions all contribute to linking the phenotypic expression of chronic gastritis with diverse clinical outcomes and have been unravelled over the past 30 years. 13 A clinical milestone was the causal association and cure of early stage gastric MALT lymphoma by H. pylori eradication, 14, 15 which has now been extended to also include advanced stages of this disease. 16 Studies exploring the molecular mechanisms of chronic inflammation and immunity as well as cell signalling pathways for proliferation and apoptosis have contributed to our current understanding of the pathogenesis of gastric cancer. These findings will lead to improved diagnostic and therapeutic strategies to fight the dismal prognosis of this disease. 17, 18 So far, however, available strategies for the prevention of gastric cancer on a global scale have still not been implemented. 19 Finally, complex treatment regimens have continuously been developed to meet the requirements of this difficult-to-treat chronic infection. [20] [21] [22] Moreover, H. pylori infection has been found to have a role in extragastric diseases, opening a wide field for further exploration. 23 
Q
How do you think that the issue of antibiotic resistance should be tackled?
K.M.F. Understanding the local pattern of antibiotic resistance is important. In fact, each country should have up-to-date data on antibiotic susceptibility and the appropriate treatment regimens should be based on local antibiotic resistance patterns. The type of antibiotic resistance is a reflection of the wider use of antibiotics in the community. An example is metronidazole, which has a high resistance rate in most countries. In Japan, however, where its usage has been limited, the resistance rate is less than 5%. 24 Although antibiotic susceptibility testing prior to treatment is an attractive concept, it is not practical in most clinical situations as clinicians utilize either the carbon urea breath test or rapid urease test to make the initial diagnosis. Antibiotic susceptibility testing must be considered in the context of treatment I agree with the approach advocated by the Maastricht IV consensus. 22 In areas of high clarithromycin resistance (>15%), bismuthcontaining quadruple therapies are recommended for first-line empirical treatment. If this regimen is not available, sequential treatment or a non-bismuth quadruple therapy is recommended. In regions with low clarithromycin resistance (<15%), the standard 1-week triple therapy should still be prescribed. 22 In Singapore, where the clarithromycin resistance rate is low, a retrospective study showed that the success rate of triple therapy has remained at ~90%. 25 A prospective randomized controlled study comparing sequential and concomitant 10-day triple therapy revealed no differences between the therapies; these data were presented at DDW 2013.
D.Y.G.
Antibiotic resistance is neither a new problem nor one unique to H. pylori. Doctors in infectious diseases have dealt with this issue since the first antibiotics were introduced. The problem is largely a result of overuse of antibiotics generally, and to use of less than optimal regimens for H. pylori infections, specifically. As noted earlier, when other infections develop resistance, doctors change therapy. In H. pylori the response was to continue to recommend what was then known to be increasingly ineffective therapies. Journals even push investigators to compare new and effective regimens with known ineffective 'standard therapies' by demanding comparison trials and proof of better effectiveness rather than comparing to 100% treatment success. For example, in Italy, sequential therapy was repeatedly compared with triple therapy (known to be ineffective), followed by meta-analyses of those experiments done in the same population. At no time was it considered by clinicians testing sequential therapy that 10-day sequential therapy might not be optimal in terms of dose of drug or duration of therapy. It took 10 years and investigators from Taiwan to recognize that 14-day sequential therapy was su perior to 10-day therapy both overall and in the presence of metronidazole resistance. 26 Possibly, gastroenterologists should relinquish development of new r egimens to infectious disease specialists.
If one knows the pattern of resistance locally and the outcome of the available regimens in infections with susceptible and with resistant microorganisms, it is easy to choose a regimen that will reliably cure at least 90% of infections on the first shot. 27, 28 The answer to the question how should resistance be tackled is: logically and data based. 29 The concept for such faecal antibiotic resistance tests is very appealing and might in the future be extended to other relevant antibiotics used for H. pylori treatment regimens, such as metronidazole and levofloxacin. Still remaining within the context of individual patient management, in those who require an upper gastrointestinal endoscopy during diagnostic workup, samples should be sent for microbiological analysis and resistance testing. A delay of 7-12 days before starting treatment remains appropriate as treatment can be tailored based on the resistance pattern and there is never urgency for t reating chronic infection.
P.M.
The current recommended and most practical strategy is the regional surveillance of antibiotic resistance for all antibiotics used in H. pylori eradication regimens. The selection of antimicrobials for first-line treatment can then be selected accordingly. Bismuth-based quadruple therapy is currently the most effective treatment in patients with clarithromycinresistant strains. Finally, it is critical that guidelines are not only set up but that they also get adequate dissemination and implementation in clinical practice for avoiding uncontrolled and improper use of antibiotic regimens for H. pylori eradication.
Q
Do you think that a vaccine for H. pylori is feasible and the right approach?
K.M.F. The concept of vaccination against a microbe to prevent disease occurrence is appealing. However, results thus far have been disappointing. At this point in time, I doubt that it will work. Given the fact that there is significant variation in the virulence potential and host response to infection, and the fact that clinical disease manifest ation does not occur in most patients, a strategy of appropriate risk stratification must be explored. A well written review on this topic was recently published. 30 The authors examined key factors as to why there is still no effective vaccines despite three decades of research: lack of enthusiasm among clinicians, research scientists, and public health authorities concerning the need for a vaccine; rudimentary understanding of the correlates of gastric immunity to H. pylori and of gastric mucosal immunology in general; the geographical heterogeneity of the H. pylori genome; and insufficient p harmaceutical industry support. 30 D.Y.G. We lack reliable data regarding the rate of reinfection in developing countries where infection is almost universal and sanitation is lax; areas where we believe that reinfection would likely undermine antibiotic-based treatments and a vaccine would be the best option. We also need studies regarding the utility of community or regionwide eradication programmes. 30 Although a preventive or preventivetherapeuti c vaccine is desirable, considerable data suggest one is possible, and problems seem to be surmountable, there is essentially no funding available for vaccine development. The 'right approach' would probably be to put those interested persons together, identify the roadblocks (such as local downregulation of the immune response in the stomach) and fund targeted research.
P.M. H. pylori is special in establishing its
chronic persistence in the human stomach by escaping specific and nonspecific immune responses of the host. Developing a vaccine is the best approach for: primary prevention of the infection and it might even find a way into therapy to enhance the immune response beyond the spon taneous and apparently insufficient immune mechan isms that occur during natural infection. Indeed, in animal models, 31 Vaccine development in humans, however, faces severe challenges and has not yet been successful. Vaccines that have been tested in small numbers of infected or noninfected humans to this point have been predominantly based on the delivery of formulations with the bacterial colonization factor urease, or whole cell antigens with the essential conjunction of an adjuvant for 'empowering' the host immune response. 32, 33 The most common route for antigen delivery has been oral, although nasal, rectal and parenteral routes have also been tested. A humoral immune response and the induction of urease antibodies were elicited in several studies but in spite of this response, protection against H. pylori infection was not obtained. 34, 35 Several challenges in vaccine development need to be addressed and they include the selection of an adequate human model (that is, challenge studies in healthy volunteers versus field studies), the selection of H. pylori antigens in their optimal combinations, identification of adjuvant substances for enhancement of the immune response and the optimal route of vaccine administration. I believe there is a chance for a vaccine and we should go for it. Committed financial support for performing this research is unfortunately d ifficult to obtain.
Q
What effect do you think H. pylori eradication will have on the remaining microbiota in the gut? Do you think that there are any potential clinical implications?
K.M.F. I do not foresee any long-term effect on the remaining microbiota in the gut. Transient changes are inevitable during treatment but adverse events, such as pseudo membranous colitis, rarely occur as a result of antibiotic use. Indeed, it is quite clear that these changes are transient, and that generally microflora or gut flora revert back to normal within a month. 36 
D.Y.G. I do not think that this question is important or even very interesting.
H. pylori causes a variety of different intragastric milieus ranging from highly acidic associated with duodenal ulcer to gastric atrophy where the stomach becomes populated with numerous different organisms and H. pylori is either absent or becomes a minor popu lation. The stomach acts as a gatekeeper to prevent entry of microorganisms into the rest of the gastrointestinal tract and these different milieus can enhance, eliminate, or reduce its effectiveness even to the point where the stomach becomes a reservoir for bacterial contamination of the rest of the gastrointestinal tract.
Overall, the health of a human population without H. pylori is superior to one with H. pylori. The questions about effects of microbiota actually triggered the question regarding whether H. pylori infections might have positive benefits. These arguments boil down to the effect of H. pylori as a biological antisecretory agent or its having a role in regard to the hygiene hypothesis (that is H. pylori antigens being important for priming the immune system). H. pylori acquisition is associated with poor household hygiene such that it is either involved or a surrogate of poor household hygiene. Nothing kills a beautiful hypothesis quicker than a good experiment. The hypothesis regarding a possible role in the hygiene hypothesis has been answered in a 'natural experiment' in parts of Malaysia where hygiene is generally poor but H. pylori is virtually absent, making it possible to uncouple exposure to H. pylori antigens from the hygiene hypothesis. The dire events proposed by elimination of H. pylori infection, such as an increase in childhood asthma and atopy, are not present despite the absence of H. pylori-the hypothesis was tested and found wanting, consistent with H. pylori not being involved but rather is a surrogate for the hygiene hypothesis. 37 Under certain conditions, H. pylori can act as a biological antisecretory agent. In those instances, the infection results in reduced acid secretion and even the development of atrophy and diseases related to an increased oesophageal acid load, such as symptomatic gastro-oesophage al reflux and adenocarcinoma of the oesophagus, become rare, as does duodenal ulcer. 38 Unfortunately, there is a trade-off as atrophic gastritis is also the precursor lesion for gastric cancer. For example, in 1930 when H. pylori and atrophic gastritis were both common in the USA, gastric cancer was the most common cancer. By 2013, H. pylori, atrophic gastritis and gastric cancer are all rare, but adenocarcinoma of the oesophagus (a complication of gastro-oesophageal reflux) has increased. Although the increase is large as a fold increase, it was previously an extremely rare disease and oesoph ageal adeno carcinoma is now a rare disease concentrated in white men, especially older white man. Therefore, an extremely common cancer in men and women of all races (gastric cancer) was traded for a rare cancer in white men. Clearly, the rise in adeno carcinoma of the oesophagus is a new problem to be addressed but the answer is not to return to the era when gastric cancer is the most common cancer in our population. Incidentally, in Malaysia, oesophageal adeno carcinoma and H. pylori are both rare-again opposite to what had been predicted. In reality, none of the dire consequences of H. pylori eradication have a ctually occurred.
P.M. This area is fascinating and one of current intensive research. One focus needs to be directed to the question of how H. pylori affects the rest of the gastric microbiome, and a second one of how H. pylori eradication influences gut microbiota in general. There are few reports on the composition of other gastric microbiota in the presence and absence of H. pylori in humans and animal models, 39,40 but we know nothing about their functional role. The phenotype of H. pylori-induced chronic active gastritis, whether antrum predominant or in the form of atrophic pangastritis, differs in gastric acid production. The consequent changes in the luminal milieu will probably affect intestinal bacterial composition, intestinal bacter ial overgrowth, clinical symptoms and even metabolic consequences.
A recent study has reported important changes in the microbiotic composition after gastric bypass bariatric surgery and gives some indication on how relevant the stomach is for the regulation of gut microbiota. 41 Following H. pylori eradication, changes in the gut microbiota composition and resistance have not been extensively investigated. 42 The available experience does not indicate that antibiotic resistance is a lasting effect. We denoted short-term, but not long-term, changes in faecal microbiota of selected species after H. pylori eradication. K.M.F. There should not be any difference when H pylori infection is diagnosed in the context of a clinical disease. It should be eradicated, with the treatment regimen based on local patterns of antibiotic resistance. As countries become more developed, with improvements in sanitation, transmission rates will decrease and the overall prevalence of infection will decrease, mirroring what has occurred in developed countries. The main issue here is the prevention of disease, such as gastric cancer. This approach must take into account the epidemiology of the disease in these countries. The Asia-Pacific Gastric Cancer Consensus recommended that, in populations at high risk of gastric cancer in the Asia-Pacific region, population screening and treatment of H. pylori infection was the strategy of choice. This approach will not be relevant in developing countries with low gastric cancer incidence rates, despite high H. pylori seroprevalence. This point was specifically highlighted in our Asia-Pacific guidelines. 4 D.Y.G. First, we need to understand the problem including studies of transmission of the infection and of reinfection rates after eradication of H. pylori in individuals, households and groups such as villages. 43 Ideally, these countries are the candidates for an effective preventive or even better a preventive and therapeutic vaccine. These countries also serve as the reservoir for H. pylori as immigrants from these countries bring their H. pylori infection with them. We might soon need to check immigrants for H. pylori and eradicate the infection when they move to developed countries. P.M. In spite of the fact that developing countries have the highest prevalence of H. pylori, they are facing other tremendous challenges from acute infections with a much higher priority and demand for medical interventions. Infectious diseases carrying a high mortality rate starting from childhood take priority in these countries. Complications related to H. pylori infection occur typically in adulthood and advanced age and, except for gastric cancer, they can be managed in a selective way.
H. pylori eradication is effective in curing PUD and a variety of other gastrointestinal pathologies, including dyspeptic symptoms and, therefore, in a country such as India with low gastric cancer incidence in most regions and limited healthcare resources, H. pylori treatment should be reserved for patients who become symptomatic. The strategy would be totally different in a developing country with high incidence of gastric cancer. In such circumstances the way forward is to implement screen and treat strategies, such as those recommended in the recent Asian-Pacific H. pylori c onsensus conference. 44 
Q
What do you think the next 10 years of research will bring? K.M.F. I believe we will move from regimens that employ two antibiotics (currently called high therapy) to regimens containing three antibiotics selected on the basis of their bactericidal efficacy. Research might result in greater clarity about the choice of anti biotic regimens, and provide potentially less complicated regimens with shorter duration, which can improve patient compliance without affecting efficacy. D.Y.G. Widespread H. pylori eradication programmes and elimination of gastric cancer from high prevalence areas. Hopefully, an effective vaccine for use in developing c ountries will be generated. P.M. From a pragmatic point of view, it is essential to win the battle against gastric cancer. Basic mechanisms in H. pyloritrigger ed gastric carcinogenesis will be further elucidated by continuously evolving molecular technologies (such as microRNAs), which will eventually lead to new targets for diagnostic and therapeutic interventions. Further characterization of H. pylori virulence and host risk factors will enable clinicians to better define and tailor strategies for gastric cancer prevention in populations and individuals.
The role of H. pylori in directing the host immune response will have to be further addressed and better understood. An eye has to be kept on the further evolution of H. pylori infection within the changing environment and in its interactions with the intestinal microbiome and metabolome. The role of H. pylori in its contribution to food intake, metabolism as well as for potential benefits in atopic diseases cannot be ignored. New and selective drug development targeting specific and vulnerable sites of H. pylori are expected. The recent paper on the proton-gated urea channel of H. pylori paves the way in such directions. 45 Lastly, I continue to hope in the successful development of a vaccine and for a future H. pylori-free healthy stomach for all. 
